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The virgin population of Neisseria gonorrhoeae in
Stockholm has decreased and antimicrobial
resistance is increasing
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Abstract
Aims-To investigate the evolution of
chromosomal and plasmid mediated
resistance for ampicillin and tetracycline
of N gonorrhoeae strains in Stockholm
during 1982-1993.
Methods-A total of 404 gonococcal
strains isolated in 1982, 1987, 1990,
1992, 1993 were analysed for minimal
inhibitory concentrations (MIC) ofampi-
cillin and tetracycline and for plasmid
content. MIC values were determined by
the agar dilution method and plasmid
preparations were performed using alka-
line lysis. To detect additional gonococcal
strains with tet(M) plasmids all strains
isolated in 1988-1989 and 1991, in all 234
isolates, were analysed retrospectively for
MIC values of tetracycline. If an MIC
value of > 4.0 mgIl was recorded plasmid
analysis was performed.
Results-Increased proportions of chro-
mosomally mediated resistance to tetra-
cycline (p < 0.001) as well as plasmid
mediated resistance to both ampicillin (p
< 0.02) and tetracycline were found in the
later part of the study. In 1991 the first
gonococcus with tet(M) plasmid was iso-
lated in Sweden. The proportion of
strains with chromosomally mediated
resistance for ampicillin did not change
during the study period. The proportion
of gonococcal strains with the 39 kb con-
jugative plasmid was increased in the
later part of the study.
Conclusions-The increased proportion
of N gonorrhoeae strains with resistance
to ampicillin and tetracycline is most
likely due to importation of strains from
areas with high prevalence of antibiotic
resistant gonococci. The proportion ofN
gonorrhoeae strains with tet(M) plasmids
is low in Sweden, but might increase in
the same way as the proportion of PPNG
strains has increased during 1982-1993.

(Genitourin Med 1995;71:234-238)
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Introduction
There are two major mechanisms of penicillin
and tetracycline antimicrobial resistance in
Neisseria gonorrhoeae, chromosomally encoded

and plasmid mediated resistance. Chromo-
somal resistance is encoded by several loci
with additive effects' and is due to alterations
in the penicillin binding proteins and reduced
permeability of the outer membrane (for
review see 2). This leads to various degrees of
reduced susceptibility to tetracycline and
beta-lactam antibiotics. Gonococcal strains
with stepwise reduced susceptibility to peni-
cillin were reported already in 1946.3 Before
beta-lactam antibiotics became commonly
used in the 1950s the MIC values of the virgin
gonococci were < 0 1 mg/l for penicillin.'
Plasmid mediated resistance to penicillin in
gonococci caused by the production of peni-
cillinase (beta-lactamase) was reported in
early 1976.45 These penicillinase producingN
gonorrhoeae (PPNG) strains spread rapidly
over the world.6 The first PPNG strain was
reported in Sweden in September 1976.7
PPNG strains produce a TEM-1 type beta-
lactamase which hydrolyses the beta-lactam-
ring.8 The PPNG strains mostly carry a
beta-lactamase encoding plasmid of African
(5.1 kb) or Asian (7.2 kb) type, but other
beta-lactamase encoding plasmids have also
been reported (for review see 9). The chromo-
somally encoded tetracycline resistance is
mediated through three different mecha-
nisms; energy dependent efflux of tetracy-
cline, ribosomal protection by reduced
binding of tetracycline to the bacterial ribo-
som, and chemical alteration of the tetracy-
cline molecule (for review see 10). Resistance
to tetracycline was not found when Danish
strains from 1944 and 1957 were analysed."
Plasmid mediated resistance to tetracycline
was first reported in 1985.12 It was introduced
through a conjugative plasmid which carried a
tet(M) determinant.'3 It encodes for a protein
which appears to protect the translation appa-
ratus in an as yet undefined way.'4 Tet(M)
containing strains have been reported from
different parts of the world.9 Two types of this
plasmid have been found; the American (42
kb) and the Dutch (40 kb).'5 It has been sug-
gested that they have different origins.16 The
tet(M) plasmid is also able to conjugate beta-
lactamase plasmids."7 Plasmid mediated resis-
tance to ampicillin and tetracycline is
generally at a higher level than chromosomally
mediated resistance. This study was con-
ducted to investigate the evolution of chromo-
somal and plasmid mediated resistance to
ampicillin and tetracycline in N gonorrhoeae
strains in Stockholm during 1982-1993.
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Materials and methods
Patients and gonococcal strains
Samples from patients attending out-patient
clinics both at two general hospitals and from
general practitioners rooms in the southern
parts of the Stockholm area were included.
The catchment area was the same during the
study. The proportion ofwomen decreased in
the later part of the study and the arithmetic
mean of the age increased for both women
and men. The proportion of patients with
gonorrhoea from STD clinics varied in the
beginning of the study, reflecting different
strategies of healthcare during that period. In
1982 the proportions of patients from a STD
clinic were 78% compared with 35% in 1987.
During the later part of the study the propor-
tions of patients from a STD clinic were more
stable, in 1990 53%, in 1992 61% and in
1993 56%. The proportions of patients from
primary health care centres were 7% in 1982
and 30-40% during the rest of the study.
Suspected gonococcal strains were isolated on
the basis of colony morphology and positive
oxidase test. They were verified by Gram stain
and in 1982 fermentation of carbohydrates
were included in all verifications. In
1987-1993 co-agglutination (Phadebact,
Boule Diagnostics AB, Huddinge, Sweden)
was used instead, with the addition of fermen-
tation of carbohydrates if the coagglutination
test was negative. All strains included were
positive in the coagglutination test. All gono-
coccal strains in the study were either consec-
utive or selected randomly from consecutively
collected strains by a computer program for
randomisation. If more than one strain with
the same serovar were isolated from a patient
within six weeks only one was included. A
total of 404 strains from five different time
periods were analysed for MIC values of
ampicillin and tetracycline and for plasmid
content (table 1). In order to detect tet(M)
plasmid containing N gonorrhoeae strains all
strains isolated from July 1988-February 1990
(174 strains) and from March 1991-February
1992 (60 strains) were analysed retrospec-
tively for MIC values of tetracycline. If more
than one strain with the same serovar were
isolated from a patient within six weeks only
one was included. If the strain had a recorded
MIC value of > 4 mg/l for tetracycline plas-
mid analysis was performed.

Table 1 Neisseria gonorrhoeae strains analysedfor
minimal inhibitory concentrations of ampiciUin and
tetracycline andforplasmid content

No ofstrains
selectedi

Timeperod No ofstrains Referred
of isolation isolated* to as

March 1982- 106/905 1982
Feb 1983
June 1987- 104/189 1987
May 1988
March 1990- 99/99 1990
Feb 1991
March 1992- 56/56 1992
Feb 1993
March 1993- 39/39 1993
Feb 1994

*If more than one strain with the same serovar were isolated
from a patient within six weeks only one was included.

Minimum inhibitory concentrations
The MIC values were determined by the agar
dilution method on GC agar base II (BBL,
Cockeysville, Maryland, USA) with 1%
IsoVitaleX (BBL) and 40 mg/l of haemin
(Sigma)18 containing two-fold dilutions of
each antibiotic. Ampicillin sodium (Astra AB,
Sodertalje, Sweden) and tetracycline
hydrochloride (Pharnacia AB, Stockholm,
Sweden) were used at concentrations of
0.03-128 mg/l. Ampicillin and not penicillin
was chosen since the former was the drug of
choice in Sweden. The MIC50 and MIC90
values for penicillin and ampicillin do not dif-
fer more than one dilution step.'8 All MIC
determinations were carried out in duplicate.
The mean of the MIC values was calculated
for each strain and if it was in between two
dilution steps it was adjusted to the nearer
higher MIC value. All gonococcal strains had
been stored in - 70°C. A total of twenty
strains did not grow, these strains did belong
to different serovars and did not have any
obvious characteristics in common. For MIC
determination 100 gonococcal strains were
tested together. As controls five gonococcal
strains, WHO A, WHO B, WHO C, WHO D
and WHO E were used. All isolates having a
MIC to ampicillin of > 2 mg/l were tested for
penicillinase production using chromogenic
cephalosporin substrate; Nitrocefin disc test
(AB Biodisk, Solna, Sweden). Strains nega-
tive in the Nitrocefin test with a MIC value of
> 2.0 mg/l were defined as having chromoso-
mally mediated resistance to ampicillin
(CMRA). Strains positive in the Nitrocefin
test were regarded as PPNG. All strains carry-
ing a plasmid of 38-42 kb were analysed for
the tet(M) plasmid (see below). All isolates
without a tet(M) carrying plasmid but with a
MIC value > 2-0 mg/l to tetracycline were
regarded as having chromosomally mediated
resistance to tetracycline (CMRT).

Plasmid DNA preparation, agarose gel electro-
phoresis and restriction endonuclease digestion
For the plasmid isolation cells from one
haematin agar plate, incubated for 18-24 h,
were scraped off with cotton wool swabs and
suspended in 2.5 ml 50 mM glucose in TE
(25 mM Tris.Cl and 10 mM EDTA, pH
8-0). The cells were harvested and plasmid
DNA isolation was performed using alkaline
lysis.'9 For the agarose gel electrophoresis 3 ul
of plasmid DNA were mixed with 7,pl TE
and 2 p1 of loading buffer (0-25% bromphenol
blue, 0-25% xylene cyanol, 40% sucrose).
The electrophoresis (Miniphor Electro-
phoresis, LKB, Stockholm, Sweden) was per-
formed on 0-8% agarose gel (Seakem, ME,
FMC, Invitro, Solna, Sweden) with 0-5 jug/ml
ethidium bromide at approximately 8 V/cm
for 2-5 h in TBE (89 mM Tris base, 89 mM
boric acid, 2-0 mM EDTA, pH 8-0). The
bands were detected on an UV table and pho-
tographed. Five gonococcal strains with
known plasmids; CCUG 5449, CCUG 6395,
CCUG 32095, CCUG 32096 (Culture
Collection, University of Gothenburg, Dep of
Clin Bact, S-413 46 Gothenburg, Sweden)
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Table 2 Distribution ofminimal inhibiwory concentrations of ampicillin and tetraccline in N gonorrhoeae strains isolated
at Stockholm S&ler Hospitl, Sweden

Minimal inhibitoy concentrations ofampicillin Minimal inhibitory concentrations oftetracycine

a2-0 > 2-0 2-0 2-0
< 0-06 012-0.25 05-1.0 CMRAt bet# 0.12-0.25 0.5-1.0 CMRT5 tet(M)I1
No No No No No No No No No

1982 14 33 51 6 2 38 50 18 0
n= 106
1987 22 33 35 8 6 27 54 23 0
n = 104
1990 33 21 31 5 9 11 47 41 0
n = 99
1992 0 23 18 4 11 11 26 18 1
n = 56
1993 10 5 17 2 5 4 12 20 3
n = 39

* in mg/1.
t Ngonorrhoeae stains with chromosomally mediated resistance to ampicillin.
Ngonorrhoeae stmrins with beta-lactamase plasmid.

§ Ngonorrhoea strains with chromosomally mediated resistance to tetracycline.
11 Ngonorrhoeae strins with tet(M) plasmid.

and E coli V5 1220 served as controls. Isolates
with plasmid bands around 38-42 kb were
digested with the restriction endonuclease
Bgl I (Boehringer Mannheim, Biochemica,
Germany) according to the manufacturers
instructions. The digested DNA was sepa-
rated on 0-8% agarose gel with 0.5 pg/ml
ethidium bromide.

Serological classification
All strains were classified with monoclonal
antibodies of the Pharmacia-panel (Boule
Diagnostics AB, Huddinge, Sweden). The
monoclonal antibodies used for detecting
Protein IA were Ar, Ao, As, At, Av and for
Protein IB: Br, Bo, Bp, By, Bv, Bu, Bs, Bt,
Bx. The WI strains were labelled with an "A"
(PrIA) and the WII/I strains with a "B"
(PrIB) followed by small letters according to
their reactions with the different monoclonal
antibody reagents. The antigens were pre-
pared as described.2' Co-agglutination was

performed on bioplates (LabDesign AB,
Taby, Sweden).

Statistical analysis
Fisher's exact test and the chi square test were
used.

18 _
16
14

12

2
098

1982 1987
J

Percentage ofN gonorrhoeae strains with plasmids, the cryptic plasmid not accountedfor.

Results
Chromosomally mediated resistance to ampicillin
The distribution ofMIC values ofnon-PPNG
strains for ampicillin was similar for the time
period 1982-1993 (table 2). In 1982 6%
(6/104) of the non-PPNG strains had CMRA
compared with 6% (2/34) in 1993. Eighty-
four percent (21/25) of all CMRA strains also
had CMRT.

Plasmid mediated resistance to ampicillin
In all, 33 PPNG strains were found in the
study. The proportion of PPNG strains rose
during the period, with a peak in 1992 (table
2). In 1982, 2% (2/106) of the strains were
PPNG and in 1993 13% (5/39) (p < 0 02).
Beta-lactamase encoding plasmids of both
Asian and African types were found. The
Asian type dominated in 1982 and 1987, but
in 1992 the African type was more frequent.
No other types of beta-lactamase encoding
plasmids were found. The proportion of
PPNG strains with the 39 kb conjugative plas-
mid was high in 1992 (fig). Seven of these
strains harboured the African plasmid and
two of the strains harboured the Asian plas-
mid. The seven strains with African plasmids
were of five different serovars. Five of the
PPNG strains had a MIC value of 1.0 mg/l for
tetracycline, 25 PPNG strains had CMRT
and three carried a tet(M) plasmid. All strains
which produced beta-lactamase according to
the Nitrocefin test carried a beta-lactamase
encoding plasmid.

Chromosomally mediated resistance to tetracycline
The proportions of gonococcal strains with
high MIC values to tetracycline increased
during the study, especially during the later
part (table 2). In 1982 17% (18/106) of the
isolates tested had CMRT compared with
56% (20/36) of the non-tet(M) strains in
1993, (p < 0 001). Eighteen percent (21/120)
of all CMRT strains also had CMRA.

Plasmid mediated resistance to tetracycline
A total of seven tet(M) containing gonococcal
strains were found in the study. In April 1991
the first two strains with the tet(M) plasmid
were isolated from a contact pair. The tet(M)

1 Tet(M) only 101 Beta+tet(M) M Beta only M Beta+conjugative (39 kb)
M Conjugative (39 kb) only
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plasmids were of the American type and the
strains were of the serovar Arst. The strains
also carried beta-lactamase plasmids of the
African type. Another gonococcal strain with
the same characteristics was isolated in June
1991. According to the patients the strains
originated from Kenya, but there was no
known contact between the first contact pair
and the patient infected with the third isolate.
The fourth tet(M) strain of the serovar Arost
was isolated in March 1992 and the fifth
strain with the serovar Bpyvust in March
1993. These tet(M) plasmids were of the
Dutch type, acquired in Brazil and Thailand.
Another two tet(M) strains of Dutch type
were isolated in September 1993 on the same
occasion from the urethra of a man infected in
Nigeria. These strains were of different
serovars, Arost and Bpyvu, and carried differ-
ent types of beta-lactamase encoding plas-
mids. The only tet(M) strain lacking
beta-lactamase plasmid had a MIC value of
1.0 mg/l to ampicillin.

Other plasmids
The 39 kb conjugative plasmid was found in
60% (18/30) of the non-tet(M) PPNG strains
compared with 14% (52/370) of the non-
tet(M) non-PPNG strains (p < 000 1). The
proportions of non-tet(M) non-PPNG strains
with the conjugative plasmid was almost dou-
bled between 1987 and 1990 (p < 0.06, NS)
(fig) and remained at the same level in 1992
and 1993. A total of 46/404 strains examined
lacked the cryptic plasmid. Forty-one of them
were plasmid free and five strains carried the
conjugative plasmid only. The cryptic plasmid
was more frequent in the later part of the
study. Strains of the serovar Brpyust were
common among strains without the cryptic
plasmid. Sixteen of 35 isolated strains of this
serovar lacked the cryptic plasmid (p <
0.001). These 16 strains did not harbour any
plasmids.

Serovars
The 34 strains harbouring plasmids encoding
for antibiotic resistance belonged to 18 differ-
ent serovars. Four serovars were represented
by three isolates, eight serovars were repre-
sented by two isolates and six serovars by one
isolate. Strains belonging to the same serovar
carried the same type of beta-lactamase
and/or tet(M) plasmid, except for the serovar
Arst where two types of beta-lactamase plas-
mids were found in different isolates. It was
noted that isolates of the same serovar could
differ in the content of the conjugative plas-
mid.

Discussion
This is the first report ofN gonorrhoeae strains
with tet(M) plasmids in Sweden. Increased
proportions ofNgonorrhoeae strains with beta-
lactamase plasmids and chromosomally medi-
ated resistant to tetracycline were also found
during 1982-1993. This increase is most
likely due to importation from areas with high
prevalence of antibiotic resistant gonococci.

In the later part of the present study the pro-
portion of men increased. It has been shown
that men more often have imported gonococ-
cal infection than women.22 The proportion of
endemic gonococcal strains in Stockholm
decreased by half to 40% during 1987-1989.23
In another study the majority of patients
infected with PPNG strains of known origin
were infected abroad, half of them in Asia.24
High prevalence of PPNG strains has been
reported from Southeast Asia.25 27 Half of all
tetracycline resistant N gonorrhoeae strains iso-
lated in Stockholm 1988 were imported from
Asia22 It has also been reported that a majority
of the gonococcal strains isolated in both the
Philippines and Thailand in 1989 and 1990
were resistant to tetracycline.2526 Tetracycline
has never been a drug of choice for treating
gonorrhoea in Sweden. However, resistance
to tetracycline in N gonorrhoeae strains might
also arise in Sweden from treating presumed
chlamydial infections and urethritis.
No alterations in the proportions of non-

PPNG strains with chromosomally encoded
resistance to ampicillin was found during
1982-1993. This stable situation is probably
due to a limited pressure from treatment with
ampicillin and the distribution has not
changed in spite of the increased proportion
of imported gonococcal strains. The choice
of antibiotic treatment during the study
depended on where the patient had con-
tracted the infection. Ampicillin was the drug
of choice for treating uncomplicated gonor-
rhoea in the beginning of this study period but
spectinomycin was used if the patient was
infected in Asia. During the later part of the
study endemic gonorrhoea decreased as the
treatment with ampicillin. The quinolones
were used together with spectinomycin during
the later part of the study since many patients
were infected abroad. The evolution into the
present level of ampicillin resistance took
place some time between 1960 and 1982,28
most likely in the beginning of the 1960s
according to results from Denmark."1 The dis-
tribution of serovars among PPNG and/or
tet(M) strains in the study implies a minor
spread of those strains in Stockholm.
One third of the PPNG strains lacked the

39 kb conjugative plasmid or the tet(M) plas-
mid. These gonococcal strains should not be
able to transfer the beta-lactamase producing
plasmid and consequently they will not con-
tribute to the spread of this plasmid outside
the clone. It has been shown in an in vitro
experiment29 that the transfer of the 39 kb
conjugative plasmids were not as efficient as
the transfer of beta-lactamase encoding plas-
mids. The proportion of gonococcal strains
with 39 kb conjugative plasmid, but without
the beta-lactamase encoding plasmid, has
increased. Those strains are prepared to con-
jugate a beta-lactamase encoding plasmid.
The frequency of the cryptic plasmid found in
this study is in agreement with earlier find-
ings.30 Gonococcal strains of the serovar
Brpyust, lacking the cryptic plasmid, might
have represented a clone in the beginning of
the 1980s.
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The proportions of N gonorrhoeae strains
with chromosomally mediated resistance to
tetracycline increased during the study. The
proportion of PPNG strains increased as
opposed to that of strains with chromosomally
mediated resistance to ampicillin. This might
imply that the proportion of gonococcal
strains with tet(M) plasmids will increase in
Sweden in the future, as is the case in other
countries.'0 It emphasises the importance of
the culturing ofN gonorrhoeae and the suscep-
tibility testing of all gonococcal isolates.
Ampicillin and tetracycline can not be recom-
mended for treating gonorrhoea in Sweden.
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